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“This is a true story, although it may not
have happened...”

— Preface to a Native American Creation Story
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e Machine Cycle

— A roughly 5 millisecond period of time occurring 60 times per
second, during which a sequence of events may occur that
culminate in the production, acceleration, and delivery of one pulse
of beam. The start of a machine cycle has its origins in the positive
zero-crossing of the 60 Hz line AC.

e EventLink

— A serial line delivered to all front-end computers, on which the
events that govern the timing of a machine cycle are transmitted.

e Event

— An eight bit number transmitted on the event link that determines
the timing of a particular step in the machine cycle.

e Timing Gate

— A TTL signal, generated by the timing system, that actually controls
some piece of equipment. A timing gate is typically generated at
the front-end. It is triggered by an event from the event link. Local
delays and widths are applied so that the gate will fire at the correct
time relative to when the event is received.
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e Real Time Data Link

— A serial line delivered to all front-end computers, on which
data relevant to the next machine cycle is transmitted. Data
on the real time data link is transmitted 60 times per second,
just prior to the start of a machine cycle.

e RTDL Frame

— The basic unit of information transmitted on the Real Time
Data Link. One RTDL frame consists of a 24-bit data word,
and an 8-bit frame number that describes what the data
represents.

e Turn
— The fundamental unit of measurement of the timing system.
— 1 turn = 1 ring revolution = 945 nSec (at 1 GeV).
— Granularity of timing system is 1/32"4 turn (about 30 nSec)
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Two Goals

e Produce a very stable 60 Hz signal

— Synchronize multiple neutron choppers (high inertia, slow
response to change)

e Produce a 60 Hz signal synchronized with the AC line
current.
— Power supplies require phase lock
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Compromise

e Produce a relatively stable 60 Hz signal that does not
change faster than the choppers can keep up with
and that is phase-lock to the AC line within 500 uSec.

SNS Integrated Control System -4-\# Wl LosAlamos ol

ared




Timing Reference Generator %‘G{SNS
?%m

e Provides 60/ 120 Hz system pulses

e Follows line to within +/- 500 usec

e Neutron Choppers follow Timing Master (60 Hz system pulses)

e Accelerator timing follows Timing Master
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Timing Reference Generator — Timeline

Negative Positive

Positive Reference
Zero Pulse Cycle Zero Zero
Crossing (smoothed signal)  Start Crossing Crossing

Rev-Clock
Compensation
Delay

Reference
Phase Delay
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Important Implication

%,SNS

e The beam injection, and all timing gates associated with it

(source, RF, etc.) must always end at the same place in the
machine cycle.

e This place is signaled by an event called “End Injection”

- End Injection comes slightly before the extraction kickers fire
- Guarantees that beam won't “languish” in the ring waiting for

extraction.
e If you want more beam, you must start injection earlier. If you
want less beam you must start injection later.
— (beam & RF gates grow “backwards” in time)
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Timing System Components #0NS

Event AN
RTDL Link
A A
SNS Time Stamps
— Experimental__—| Beam data P
Halls
Master
Timing I0C
— Timin RF Gates
10 MHz SNS Real Slave. — | Extraction Kickers
Crvstal Time Data ave
gssca Link — (V124S) TxHV Gates
: Master
SNS Event —1 Machine High resolution timestamps
% s Link > Protection — Machine Modes
X (33 MHz) Master System
Ring RF
] , SNS Timestamps
Timin ICS '°C S Remote Reset
9 SNS Utility Synchronous ISR’s
Reference Module
Generator
] Beam Delay
LEBT | | *4PLL Beam Phase
Chopper (64 MHz) Micro pulse width
Neutron Macro pulse width
Choppers
[ Di " SNS Time stamps
Timing System LRI Delays
Hardware Subsystem Hardware Gates
Triggers
Timing System Users | Experimental Systems VY
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Timing System Components =

=
e Real-Time Data Link (RTDL)

— Transmits machine parameters and data prior to every new
cycle.

— Each frame contains an 8-bit frame number, 24-bits of data,
and an 8-bit CRC.

— Clock is 10 MHz.

e Event Link

— Transmits the timing events that define a machine cycle.
— Each event is 8 bits plus parity (256 events maximum).

— Clock is variable and derived from the ring revolution
frequency (32 * F,,).

— Events 0 — 63 are generated by the timing system hardware.
— Events 64 — 255 are generated by software (no fixed times).
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Hardware Event Assignments

27.
28.
29.
30.
31.
32.
33.
36.

SNS Integrated Control System

Cycle Start

Alternate Cycle Start
(negative zero crossing)

MPS Auto-Reset Fault

MPS Latched Fault

Source RF

Warm Linac High-Power RF
Warm Linac Low-Level RF
Cold Linac High-Power RF
Cold Linac Low-Level RF
HEBT High-Power RF
HEBT Low-Level RF

Beam On

37.
38.
39.
40.
43.
44,
45,
46.
47.
48.
50.

%,SNS

Beam Inject

End Injection

Extract

Kicker Charge

RTDL Transmit

RTDL Valid

Data Acquisition “Snapshot” Event
Data Acquisition Slow Event (1 Hz)
Data Acquisition Fast Event (6 Hz)
Save Data

RF Sample Trigger

51-59. Reserved (other system triggers)
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Software Event Assignments

254. Utility Module Error Counter Reset
253. MPS Error Counter Reset

252. New Event Rep-Rates Set

251. Begin Setting New Event Rep-Rates
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Sample RTDL Data Frames (24 bits + 8 bit CRC per fram%ti)SNS
~

Frame Number Data

1-3 Time of day
4 Event link period
3 MPS mode
6 60 Hz phase error
15 |OC Reset Address
17 Pulse Flavor
24 Previous Pulse Status
25 Cycle
255 24-bit CRC (calculated)

NATIONAL LABORATORY
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Pulse Flavors Z5ONS

EoN
e Eight definable beam profile “Flavors”

e Used by the LEBT chopper to determine beam
parameters (index into a set of waveform records).

— Macropulse width
— Minipulse width, phase delay, blanking, ramp rates, etc.

e Used by the LLRF to do adaptive tuning.

e Utility Module software uses this parameter to
selectively trigger “flavored” read records

e Flavor of each cycle is transmitted on the RTDL
(frame 17)
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Pulse Flavor Assignments %‘SNS

0 =Beam Off
= Target 1 Normal Beam
= Target 2 Normal Beam

= 10 uSecond Diagnostic Pulse

1
2
3
4 =50 uSecond Diagnostic Pulse
5 =100 uSecond Diagnostic Pulse
6 = Physics Pulse

7

= Arbitrary
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Pulse Flavors R
_PulseFlavors &%

e Four “Normal” Flavors
1 = Target 1 Normal Beam
3 =10 uSecond Diagnostic Pulse
4 =50 uSecond Diagnostic Pulse
5 =100 uSecond Diagnostic Pulse

e These flavors represent the “normal” beam currently
being generated and delivered. They are mutually
exclusive and are not “scheduled” on a pulse-to-pulse
basis by the timing sequencer.
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Pulse Flavors - ‘SNS

e Two “Cycle Stealing” Flavors
6 = Physics Pulse
[/ = Arbitrary

e These flavors are scheduled by the timing scheduler.
They typically run in “single-shot” mode or at very low
rep-rates. When scheduled, they “steal” machine
cycles from the normal beam flavor.
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Timeline (from the timing system point of view) 'SNS

Time Critical Events, (soft events disabled) Informational Events, non critical timing
Real-Time RTDL parameter
Data Link transmission
(RTDL) (for next cycle)
] ] ‘ RTDL
Extract | | Transmit | |Snapshot, (Alternate)
: ; - \ _\ 1Hz, 6Hz, Cycle Start
C CIe Start System XXX RF & ngh End Extraction etc...
Trigger Events Voltage Events Iectlon Kicker Charge 7
\ RTDL Valid
Event /
Link |- I ] ‘ 1
Beam On Range
AIIowakn ef?bariabTTriqq: rs beam

Anytime accumulation

| =

< . > -1
Anytime \

Line-Synch

Reference —| I_I—

Clock  +60 Hz Zero -60 Hz Zero
Crossing Crossing
0 1ms 2ms 3ms 4 ms 5ms 6 ms 7ms 8 ms
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Timing System Components — RTDL ZLONS
s =W

e RTDL Master Module (V105S)
— VME Module

— Generates the 10 MHz RTDL Carrier Signal and the RTDL
frames.

e RTDL Input Module (V106S / V206S)
— VME Module
— Stores the data frames to be sent each cycle on the RTDL.

— Communicates with the RTDL master module over the VME
P2 backplane.

— V106S contains two frames per module. V206S contains
eight frames per module.
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Timing System Components — Event Link
—M”SNS

e Event Link Master Module (V123S)
— VME Module.
— Generates event link carrier (~17 Mhz).

— Accepts, prioritizes, and transmits “hardware” and “software
events.

e Event Link Input Module (V101S /V201S)

— VME Module for generating “hardware” events.

— Communicates with the event link master module over the
VME P2 backplane.

— Hardware events generated from TTL inputs to the V101S /
V201S

— 16 events per module.
— V201S is a faster version of the V101S.
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Timing System Components — Client £ONS

=2
e Timing Gate Generator (V124S)

— Generates TTL timing gates at the local hardware.

— Responds to triggers from:
« Event-Link Events
« External Signals
« “Manual” Triggers (from programmed VME commands)

— Independently programmable width, delay, and trigger
counts.

e Utility Module
— Listens to the RTDL and the Event Link.
— Can generate receipt-of-event interrupts.
— Handles data timestamping and triggering of “flavored” data.
— Monitors the health of the VME crate.
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Timing System Components — Client )¢
LU L Adcihbiall bbb L & )

e V294 TTL Fanout Module
— Single width VME card. No VME interface.
— V124S card outputs can only drive a single 50 Q load.
— Can be re-programmed for functions other than fanout.

e V128 “Smart” Fanout Module
— Like V294, but can be programmed from the VME bus.
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Timing System Components — Other %SNS
VUH ~
e Timing Reference Generator
— Double-Wide VME module.

— Provides the 60 Hz “Cycle-Start” signal to the event link
master module (V123S).

— Uses a PLL to track the AC line zero-crossing and “smooth
out” power grid frequency fluctuations.

— Resolves the “conflict of interest” between power supplies
that need to be “line locked” and the neutron choppers’ need
for stable timing.

e Frequency Counter
— VME Module in the Timing Master crate.
— Used to monitor the frequency of the event link clock.

— Frequency is broadcast on the RTDL and sent to the timing
reference generator to compensate for changes in the ring
revolution frequency.
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__Timing System Components — Other __#55\S
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e GPS and GPS Interface Module

— GPS provides time source and NTP time service to the site
computers.

— VME interface card captures the GPS time at each “Cycle
Start” time.

— Captured time is sent out on the RTDL.

e Time Line Monitor

— Monitors the event link and records which events occurred
and when.

— Buffers one full “Super-Cycle” (10 seconds).
— Used by timing master to make sure the event link is correct.
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Timing Master Crate Layout (current) \:‘SNS
Ny

RTDL Fanout Chassis

RTDL Master Module
(V105S)

RTDL Input Modules
(V106S)

RTDL Crate

GPS Interface

Event Link Fanout Chassis
Event Link Master Module (V123S)

Event Link Input Module (V101S) Event Link Crate

Timing Gate Trigger Module (V124S)
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Timing Master Crate Layout (future)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Input Module (V206S)

RTDL Master (V105S)

Utility Module

GPS Interface

VME Bridge

VME Bridge

21
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Event Monitor

20

19

Frequency Counter

Trigger Module (V124S)

18

17

Trigger Module (V124S)

Trigger Module (V124S)

16

15

Trigger Module (V124S)

14

Trigger Module (V124S)

13

Trigger Module (V124S)

12

Fereeer |

Trigger Module (V124S)

Trigger Module (V124S)

11

Event Link Input Module (V201S)

10

Event Link Input Module (V201S)

Event Link Input Module (V201S)

Event Link Input Module (V201S)

Event Link Master (V123S)

Line Synch Module

Utility Module

Processor —
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Operator Interface

Gate/Event Parameters That An
Operator Might Typically Control

e Delay
—  Coarse (Turns)
—  Medium ('/,, Turn)
—  Fine (0.5 nanoseconds)

e Width
— /5, Turn Resolution

e Rep-Rate
-~  0-60Hz.
— 0.1 Hz Resolution
—  There are gate/event dependencies

— Beam gates may only fire at rep-
rates less than or equal to the RF
rep-rates

—  To keep all gates synchronized,
operator must first set desired rep-
rates, then press the “Set New Rep-
Rates” button.

oL
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Gate/Event Parameters That An
Operator Typically Does Not Control

e Which event triggers the gate.
e Gate polarity.

e How many pulses a gate generates each
time it is triggered.
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Application: lon Source Control

Requirements

e Gate should always end at the same time.
Increasing the gate width decreases the delay (and
vice versa).

e For thermal stability, the ion source RF duty factor
should be constant (constant rep-rate and width).

e LEBT chopper is not fail-safe. On cycles when we
don’t want beam (e.g. Standby Mode, MPS Latched
fault, Flavor = 0,) Source RF should run out of phase
with the RFQ.
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Application: lon Source Control =

~/,
LONS
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Design Strateqy

e The phasing of the source and RFQ is an MPS
strategy to get around the fact that the LEBT chopper
IS not fail-safe.

e Special MPS logic box will select either the “Delayed”
or the “In Phase” source gate depending on whether
beam is scheduled for this pulse, the state of the
MPS system, etc.

e Same box also disables the RFQ RF gate on an MPS
Latched fault.
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Application: lon Source Control =
Application: o Source Control____ 5
Events (From Event Link)

e Source RF Event (27)

— Variable rep-rate, but usually runs at 60 Hz.
— Occurs 2 turns after “Cycle Start”

e Beam On Event (36)

— Variable rep-rate. Synchronous with Source RF cycles (and
lots of other events).

— Occurs 4372 turns (about 4 ms) before beam turns on.

e End Injection Event (38)
— Fixed Rep-Rate (60 Hz).
— Occurs ~2 turns before Extract Event.
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Application: lon Source Control
%”SNS

Gates (Generated Locally)

e Source
— Triggered by “Source RF” Event (variable rep-rate)
— Delay & width adjusted to end at the “End Injection” event

e Delayed Source
— Triggered by “End Injection” event (60 Hz)
— Same width as “Source” Gate
— Constant delay (long enough to occur after the RFQ turn-off transient)

e Source Enable
— Triggered by “Source RF” Event
— No delay, short width. Enables Source output from Trigger Control Chassis.

e Beam Enable
— Triggered by “Beam On” event (variable rep-rate)
— No delay, short width (only used to flag “beam on” cycles)

e Cycle Start
— Triggered by “Cycle Start” event (60 Hz)
— No delay, short width (used to reset the “trigger control” logic)

oﬂ“‘““t%% . A
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Application: lon Source Control

,SNS

_En(_i Extract
Beam On Injection
|C§c|e Start|
Event Link I “
< Growth
Source On
_ i Growth S
Delayed Source On >
Source Enable H
Cycle Start -I
Beam Enable H
0 1ms 2ms 3ms 4 ms 5ms 6 ms 7ms

8 ms



Application: lon Source Control

%,SNS

v124S
Event Link l Trigger Control Chassis

8 © ¢ MPS Inputs
©
© ©) Cycle Start © To Source S
© © Beam Enable
g ©) Source Enable
© o To RFQ _
) Source -
8 ©) Delayed Source
© RFQ

From RFQ LLRF Controller
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Application: lon Source Control
%”SNS

Trigger Control Chassis Logic

(simplified)

\ To Source .

Delayed Source

MPS OK
Beam Enable S Q }

Source }
S Q

Cycle Start o Source Enable >
R Q /
R Q
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Application: lon Source Control SNS

Width (Turns)

Rep-Rate (Hz)

New Rep Rafe Set
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Timing System Debug Screens: RTDL

S RTDL Input Board & [BIEIES
SNS Real Time Data Link Input Board A
Frame 1D RTDL Data Data Sourc Channel Enahle Error Counters
aet Feradhack Het Headhack aet Feadback || Frame  CRC Mo Link
et | 7 0 forJon B o0 W o o o
ehz | 2 0 forfon @ oo WL o d o

Modide 1D = VM EIDBNIV.IO65........F.
Base Addr = Oxf1ffe000

§| RTOL Input Board B8 [EEE]
SNS Real Time Data Link Inp@ut Board B
Frame 1D RTDL Data Data Sourc Channel Enahle Error Counters
set Readhack Headhack Feadhack || Frame CRC Mo Link
enr| 3 ﬁﬁm 4 d o
chz | 5 fornTon @ oo WL d d o
Modhiie 1D = V.MELDBNLV.T.06.5. . ... .F.
Base Addr = Oxf1ife 100
=/ RTOL Input Board D [EEE]
SNS Real Time Data Link Input Board D
Frame 1D RTDL Data Data Source Channel Enahle Error Counters
zet Readhack Feadback Feadback || Frame CREC Mo Link
ehr | 25 | oxiad | VME | ﬁﬁ | on I da o o
ez | 255 03418737 | vvE Wlea Vo @ o0 WL d o o

Modie 10 = VM ELIDB NI V.I.06.5.......F..
Base Addr = Oxf1ffe300
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Timing System Debug Screens: Event Master (V123S) _,

QSNS
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= | 58NS Event Link Encoder EEE
SNS Event Link Encoder (V123S) —— Devl_Tim
On-Line Control Interrupt Enable Encoder Clock Select Soft Event FIFO Clock Status
Using Intermal Clock
mm Enahble | Disable Eutomatic | External | Internal THQQ.EFI L RF Clock Bad
Slatus Registers
0201 : Command/Status Req 0Z20D: Error Req (Last Value) DZ0F: Real-Time Status Req
L0 On-Line | 0: TiEstract; Dauble Trigoer | 0 soft Event FIFO Empty
L 1: Interrupts Enakbled | |1:TO Double Trigger || 1: S0f Events Locked Out
| |2 Internal Clock (Manual) || 2: Pre-Pulse Diouble Trigger I 2: Internal Clock In Use
|| 3 Interrupt Release Method | |3 ¥1015 Communication Error &=
_ (D=ROAK, 1=RORA) |4 YME Access Failure -
| |5 Soft Event FIFD Full || 5 Hardweare Event Out-07-Range | |5 Soft Event FIFD Full
| B Automatic Clock Switch Enabled || B: Y1235 PRATOATEAL) Collision ||
|7 External (RF) Clock Bad |7 soft Event Cut-0f-Range | 7: External (RF) Clock Bad
Error Courilers
Error Counters: Error Counters:
@0 RF Clock Failure Errors C Y1235 PRATHTIED Collisions
0 Soft Event FIFO Full Errors C %1015 Communication Errors
() Soft Event Out-Of-Range Errars £ Pre-FPulse Double Trigger Errors
Hardware Event Out-Of-Range 0 TO Double Trigger Errors
WIE Sccess Errors () T{Extract) Double Trigger Errors
Error Copmilers [ast Besef: Sep 16, 2002 15:08:48.8
EXIT
f.ﬂ‘“‘“q%d . A
A% fereerr |||; (0 1]
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Timing System Debug Screens: Event Input (V201S) FJSNS

=

rum Marme Event et Enabled Cantrol Lozt Events
Unused i e |
Extract
Cycle Start
F'rE Euls@
?IEWE L@ﬂ‘l&ﬁ
L Hmit
‘E?P&iﬂt”%ﬂﬁi
Beam Permit
Beam Inject
End Inect
Source HPRF
Source LLAF-
Delayed HFRF
14| Delayed LLRF
15 Diag Demand

Enable .
Event Map EXIT
YWrites sl L)

w“‘"“q.%
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Timing System Debug Screens: Trigger Generator (V124S) JﬂJSNS

= | V1245 Board -- Devi_Tim:GateGen_&

||__J|E|f

SNS Gate Generator Module —— Devl Tim:GateGen A:

Control Registers

0040: CMD Req (hit 0, 1)
| Enable i1y / Disakble (0)
|| Internal CIk (13 ¢ Link Clk (0

0042: Int Enahle Req (hit 0 - 7)
[T]Ch 1 Trigger Terminal Count
Ch & Trigger Terminal Count
Ch 3 Trigger Terminal Count
Ch 4 Trigger Terminal Count
Zh & Trigger Terminal Count
|| Ch & Trigger Terminal Count
Ch 7 Trigger Terminal Count
|| Ch & Trigger Terminal Count

0043: Int Enahle Reqg (hit 3 - 7)
: Event Link Carrier Errar

L | Event Link Frame Errar

| Event Link Farity Errar

|| Timestamp S%MC Event

|| Timestamp source

Error Cotnriers Last Besef:

o Line

| [nternal

Off Line

EN Link

Error Counters:

Sep 16, 2002 15:086:45.6

0044: 53%HC Event Code for Rev Frequency ReSync

]

0046: SYHC Event Code for Timestamp Reset

ER
004e: RF ClockfLink Clock Delay

00 nmoed

Interrupt Source Registers

0048: Links Status (bit 3 - 6)
Event Link Carrier Error
Event Link Frame Error
|_|Event Link Parity Errar

|| Timestamp SYMNC Event

| |Ch 1 Trigger Terminal Court
L_|Ch 2 Trigger Terminal Count
Ch 3 Trigger Terminal Count
Ch 4 Trigger Terminal Cout
Ch 5 Trigger Terminal Count
L Ch B Trigger Terminal Count
Ch 7 Trigger Terminal Count
iZh @ Trigger Terminal Count

004c: Timestamp Status (hit0 - 7)
[]Ch 1
Ch g
Ch 3
Ch 4
Ch &
Ch &
Ch 7
Ch &

Software Status:
Ewvent Link Carrier Error

Q Ewent Link Frame Error
Q Ewent Link Farity Error

004a: Trigger Terminal Count Status (bit 0 - 7)

V1245 Card Summary Status:
Event Link State: @

Ly
Y1245 Enable:

2n Ling

Clock Source:
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Timing System Debug Screens: Timing Channel (V124S)

“H

_ Devl_Tim: %aba 4

[EEE

SNSVI24S G

Counter LSB

Revolution Delay Count
From 0 fo B5535 (61.97ms)

[s650 |

Sub- Revolution Delay Count
frofm O to 63

K |

Fine Delay (8-hit value)
fram Ons to T27.5ns (500p5 res)

Pulse Width (16-bit count-down counter)
29.5ns5 (17 t0 1.93ms (65535)

[4 I

Trigger Count
from 1 to 2e+3

E I

Trigger Event
from O to 255 (0 = ho event)

[ |

Channel Status Flags

Waiting for Rey Delay Ena

Waiting for Rey Delay Term Cnt
Waiting for Sub-Rey Delay Ena
Waiting for Sub-Rey Delay Term Cnt
Waiting for Trigger Term Cht

Channel Counter Control

]

g

| |Reseryed
| |Reserved
|| kanual Trigger Cmd

|| Dutput Paolarity

Feload Counters
Feserved

Channel Reset Cmd
Stop Counters

anhel Delay Control

= \Rev Delay Enahle | Evert  Wanual

t |sub-Rev Delay Ena  [EENIEENEN (REGDE

—[Halt Delay Select EIEEREEN DREED

Timestamp Configuration Control

| ||Trigget Select . o

| Timestamp Trigger Event: | -
o e __Cariier W Carrer | Event |

Timestamp Clock Event: | 0 -
Timestamp value: [
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